. a, Optical microscopy image of the Si/SiO 2 sensor chip (2 mm x 2 mm) with four interdigitated gold electrode devices with SWNT network after PAA electro-polymerization. b, Scanning electron microscopy (SEM) image showing some SWNTs not connected to the network, without polymer coating (after 50 CV cycles). c-f, SEM, images illustrating the effect of number of cyclic voltammetry (CV) electro-polymerization cycles (10, 30, 40 , and 60) on polymer coating (1 mM AA used in EP process).
PAA thickness plays an important part in the resulting device sensitivity. Figure S1 illustrates that the optimal range of EP cycles creates a PAA coating that provides good coverage of the ox-SWNT but at the same time retains the individual SWNT structure. 0-10 EP cycles results in a PAA coating that is too thin while >60 EP cycles creates a coating so thick that the SWNT structure can no longer be visually detected in the SEM images. EDX data shows the presence of four elements, however, with a large margin of error. Therefore, XPS experiments focused on carbon and nitrogen were performed to get an accurate ratio. The realization of the thickness dependent pH response for these ox-SWNT/PAA devices can also be used to optimize the concentration of monomer used during polymerization. pH responsive devices have been created using PAA in the past and it has been shown that the linearity of the response can be increased by using a 10 mM AA solution versus a 1 mM AA solution. S1 Figure S4a compares a pH calibration, at 40 EP cycles, using these different AA concentrations. Based upon the r 2 value of the linear regression for 1 mM AA and 10 mM AA (0.886 and 0.995 respectively), the 10 mM AA concentration produces a more linear response over the 2 -12 pH range. The determination of the optimal number of EP cycles holds true for this higher AA concentration ( Figure S4b ). For 0, 40, and 80 EP cycles the sensitivities were 0.008 ± 0.001, 0.078 ± 0.002, and 0.027 ± 0.003 respectively. The signal response from pristine SWNT/PAA devices is adverse, and less than that of the ox-SWNT. This shows that hydrogen bonding between the carboxylic acid groups of the ox-SWNTs and the amine groups of the PAA provides signal enhancement of the device.
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Figure S6. Reproducibility and Stability of the pH Sensor. a, Conductance vs. time measurements and b, the corresponding calibration curve (G vs. pH) of the same ox-SWNT/PAA device tested before (black) and after (red) it was shelf-stored for 120 days. c, Stability test of an ox-SWNTs/PAA device held in pH 5 buffer for 2 h then switched to pH 3 buffer for another 1.75 h. d, Sensitivity of ox-SWNT/PAA device in a physiologically relevant pH range. e, Crosssensitivity of the device to Ca 2+ and Na + cations. The implantable, RFID sensor system was tested according to the block diagram in Figure S7 .
The custom designed touch probe, shown in Figure S8 , is comprised of an impedance matching network and two stainless steel electrodes. The purpose of the touch probe is to match the impedance of the RFID reader to that of the patient's tissue. In the test setup the electrodes are placed in contact with the tissue phantom directly over the implantable tag in order to wirelessly transmit power to, and communicate with the tag.
S-9 Figure S9 . Fabricated implantable tag (left) and tag circuit diagram (right)
The implantable tag, shown in Figure S9 , is a custom printed circuit board (PCB) that connects a commercially available RFID chip to an analog to digital converter (ADC) and a voltage divider network. Circuit board dimensions: 1.34 cm x 3.76 cm x 0.30 cm (with all electrical components installed. Since this is a passive tag, the RFID chip harvests power from the incoming RF energy and outputs a DC power source, Vaux, in order to power both the ADC and the voltage divider network. Rcnt in the circuit diagram below represents the carbon nanotube pH sensor. The remaining resistors, R1 and R2, comprise the rest of the voltage divider network. The relative level of the voltage across the sensor, Vconv, is related to the pH of the solution that surrounds the sensor. Vconv is then converted by the ADC to a digital representation and can be transmitted back to the RFID chip via a serial peripheral interface (SPI) bus.
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Figure S10. Custom touch probe connected to commercially available RFID reader Figure S11 . Touch probe in contact with the tissue phantom directly over the implantable tag
In the experimental setup the touch probe was connected to an Intermec IF2 Network Reader ( Figure S10 ), and used to power and communicate with the tag through a 1-cm tissue phantom S2 with properties similar to human skin ( Figure S11 ). The sensor was exposed to buffer solutions of pH 5, pH 7.5, and pH 8.8 by placing the appropriate buffer solution in a plastic well attached to the tag. A custom graphic user interface (GUI) was designed to display numerical values that were wirelessly read from the RFID chip on the tag. The values are inversely proportional to the sensor conductance. As is shown in Figure S12 , the read value was 42 when the sensor was exposed to pH 5 (left), and increased to 51 when the sensor was exposed to pH 8.8 (right), indicating a detectable decrease in sensor conductance. The software can be calibrated to associate the numerical value with a pH value.
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Figure S13. Complete testing setup
The voltage across the sensor was measured and also displayed on an oscilloscope while the tag was wirelessly powered using the touch probe. Figure S13 shows the complete testing setup.
